In this paper, the basic governing equations for isotropic and homogeneous generalized thermoelastic half-space under hydrostatic initial stress are formulated in the context of the Green and Naghdi theory of types II and III. These governing equations are solved analytically to obtain the dimensional velocities in an xy-plane. It is shown that there exist three plane waves, namely a thermal wave, a P-wave and an SV-wave. The reflection from an insulated and isothermal stress-free surface is studied to obtain the reflection amplitude ratios of the reflected waves for the incidence of P-and SV-waves. Numerical computations are carried out and comparisons made with the results predicted in the presence and absence of hydrostatic initial stress. Also the effect of the thermoelastic coupling parameter and the thermal condition on amplitude ratios are shown graphically.
Introduction
The classical theory of thermoelasticity as exposed, for example, in Carlson's article (1972) has been generalized and modified into various thermoelastic models that run under the label of hyperbolic thermoelasticity (see the survey of Chandrasekharaiah, 1998 and Hetnarski and Ignazack, 1999) . The notation hyperbolic reflects the fact that thermal waves are modeled, avoiding the physical paradox of the infinite propagation speed of the classical model. In the 1990's Green and Naghdi (1991 ), (1993 ) and (1992 proposed three new thermoelastic theories based on entropy equality rather than the usual entropy inequality. The constitutive assumptions for the heat flux vector are different in each theory. Thus, they obtained three theories they called thermoelasticity of type I, thermoelasticity of type II and thermoelasticity of type III. When the type I theory is linearized we obtain the classical system of thermoelasticity. The type II theory (is a limiting case of type III) does not admit energy dissipation.
The wave propagation in thermoelastic media is of great importance in various fields such as earthquakes, soil dynamics, aeronautics, astronautics, nuclear reactors, high energy particle accelerators, etc. The literature on wave propagation in a linear isotropic generalized thermoelastic medium is limited. For example, Chandrasekharaiah (1997) , employ the theory of thermoelasticity without energy dissipation to study the propagation of Rayleigh waves in a half-space with plane boundary. Othman and Song (2006) studied the effect of rotation on the reflection of magneto-thermoelastic waves under thermoelasticity without energy dissipation. Sinha and Elsibai (1996) investigated the reflection of thermoelastic waves at the interface of two semi-infinite media in welded contact. Singh and Kumar (1998a,b) and Singh (2001) also investigated some problems on wave propagation in a linear isotropic generalized thermoelastic solid with additional parameters like microstructure and microstretch. Singh (2002) and Abd-alla et al. (2003) studied some problems on the reflection of the generalized magneto-thermo-viscoelastic plane waves from a stress-free surface. Ezzat and Othman (2001) applied the normal mode analysis to a two-dimensional electro-magneto-thermoelastic plane wave's problem with a medium of perfect conductivity. Othman (2005) , (2004) used the same method to study the effect of rotation on plane waves in generalized thermoelasticity with one and two relaxation times. The problem of reflection of plane waves has been discussed by many authors, e.g., Abd-alla and Al-Dawy (2000) , Sharma et al. (2003) and Singh et al. (2006) etc. The studies of wave propagation in an isotropic generalized thermoelastic solid with additional parameters provide information about the existence of new or modified waves. This information may be useful for experimental seismologists in making predictions of earthquake magnitudes. Recently, Montanaro (1999) investigated isotropic linear thermoelasticity with hydrostatic initial stress.
This paper is organized as follows: First, the governing equations given by Montanaro (1999) are modified in light of the GN theory (1993) for linear, isotropic and homogeneous cases. Second, the governing equations are solved analytically for two-dimensional motion in an xy-plane to obtain the expression for the dimensional velocities of three waves. Lastly, the expressions involving reflection amplitude ratios are calculated both theoretically as well as numerically. The numerical results are illustrated graphically to show the effect of initial stress, the thermoelastic parameter and the thermal boundary condition upon the reflection amplitude ratios.
Formulation of the problem and solution
Following the Montanaro (1999) and the Green-Naghdi theory (1993) (of type III), the constitutive relations and field equation for a homogeneous, isotropic thermoelastic solid with hydrostatic initial stress in the absence of incremental body forces and heat sources are
The heat conduction equation under GN theory (of type III)
where (4) and (8), we obtain the strain components e 11 ¼ ou ox ; e 22 ov oy ; e 33 ¼ 0; e 13 ¼ e 23 ¼ e 33 ¼ 0;
For a two-dimensional solution in an xy-plane, Eqs. (6) and (7) can be written as
where
We introduce the displacement potentials u and w by the relations
and introduce the following dimensionless variables:
Using Eqs. (14) and (15) Eqs. (10)- (12) reduce to (dropping the bar for convenience)
the characteristic parameter of the GN theory (of type II) and
is the characteristic parameter of the GN theory (of type III). Eqs. (16) and (18) are coupled in u and H, whereas Eq. (17) is uncoupled.
Solution of the problem
For a harmonic wave propagated in the direction, where the wave normally lies in the xy-plane and makes an angle h with the y-axis, the solutions of the system of Eqs. (16)- (18) are in the following form:
fu; H; wgðx; y; tÞ ¼ ½u 1 ;
where n is the wave number, m is the phase speed, (sinh, cosh) denotes the projection of the normal wave onto the xy-plane, and u 1 , H 1 , w 1 are arbitrary constants.
Substituting Eq. (19) into Eqs. (16) and (18), we arrive at a system of two homogeneous equations
In order to obtain the nontrivial solution of u 1 and H 1 , the determinant of the system (20) and (21) should be zero, so we obtain
where nm = x is the velocity of coupled waves. Eq. (22) is a quadratic equation in m 2 and may be written as
The solution of Eq. (23) can be given below
which corresponds to the speeds of the P-wave and thermal wave, respectively. Substituting Eq. (19) into Eq. (17) yields a wave speed of
for a shear wave. Thus, there exist three plane waves, namely, the P-wave, the thermal wave and the SV-wave in a two-dimensional motion in an xy-plane of a linear isotropic and homogeneous thermoelastic solid under hydrostatic initial stress and thermal disturbance. The above analysis corresponds to the case of a linear isotropic elastic solid.
Reflection on a stress-free surface
We shall derive the relations between the reflection amplitude ratios, when P-and SV-waves incident at the thermally insulated and isothermal stress-free boundary y = 0. For an incident (P or SV) wave, the thermal, Pand SV-waves will be reflected as shown in Fig. 1 . Accordingly, if the wave normal of the incident wave makes the angle h o with the negative direction of the y-axis, and those of the reflected P, thermal and SV waves make h 1 , h 2 and h 3 with the same direction.
For incident P-wave
The displacement potentials u, w and temperature H may be taken in the following forms:
B o is the amplitude of incident P-waves, whereas A 1 , A 2 , B 1 are amplitudes of the reflected P-wave, the thermal wave and the SV-wave, respectively. The ratios of the amplitudes of the reflected waves and the amplitude of the incident wave
give the corresponding reflection coefficients. Also it may be noted that the angles h 1 , h 2 , h 3 and the corresponding wave numbers n 1 , n 2 , n 3 are connected by the relations below
on the interface y = 0 of the medium, relation (30) may also be written as
For incident SV-wave
The displacement potentials u, w and temperature H occur in the following forms:
B o is the amplitude of incident SV-waves. The ratios of the amplitudes of the reflected waves and the amplitude of the incident wave
on the interface y = 0 of the medium, relation (35) may also be written as
Boundary conditions
For the stress-free surface y = 0, the boundary conditions are given by r yy ¼ Àp; r yx ¼ 0;
where h ! 0 corresponds to the thermal insulated boundary (Singh et al. (2006) ) and h ! 1 to the isothermal boundary conditions. The dimensionless boundary conditions can be written as follows:
The dimensionless variables r yy , r yx are given below
6. Expressions for the reflection amplitude ratios
For the incident P-wave
Using boundary conditions (38) and Eqs. (26)- (28), we can obtain the following relations:
in which
The solution of this system for the reflection amplitude ratios,
in which 
For the incident SV-wave
Using boundary conditions (38) and Eqs. (32)- (34) we can obtain the following relations: in which The solution of this system for the reflection amplitude ratios
in which 7.1. For the incident P-wave
7.2. For the incident SV-wave
When k * ! 0 Eq. (7) reduces to the heat conduction equation under the GN theory (of type II). 
Numerical results
The general Lame's constants k and l are
where g is the initial stress parameter, E is Young's modulus and r is the Poisson ratio. g = 1 corresponds to the isotropic elastic medium.
The following dimensionless parameters for a generalized thermoelastic solid under hydrostatic stress are used for the numerical computations. Figs. 2 and 3 give the reflection amplitude ratio under different initial pressure for the incidence P-wave and the incidence SV-wave. Here e 1 = 0.0168, h = 0. From Fig. 2 we can see that for the incidence P-wave: |z2| = |z3| = 0 when the incidence angle h = h 1 = 90°and |z1| = 1, |z3| = 0 when the incidence angle h = 0°. This means that in the case of vertical incidence, there only exists one reflection P-wave. And in the case of horizontal incidence, there exist two reflection SV-waves. Also we observed that the reflection amplitude ratio |z2|, |z3| decreases with the increase of initial pressure. For curve |z1| there exist two singular points. The location of the two points changes with the change of initial pressure. The two points divide the curves into three regions. In the first and the third regions the value of |z1| decreases with the increase of initial pressure. While in the second region the value of |z1| increases with the increase of initial pressure. The value of |z2| and |z3| decrease with the increase of initial pressure. From Fig. 3 we can see that for the incidence SV-wave: |z1| = |z2| = 0 when incidence angle h = 0°and h = 90°. And |z3| = 1 when the incidence angle h = 0°and h = 90°. That is to say, for the vertical incidence or horizontal incidence, there is only one reflection SV-wave. Also we observed that for the reflection amplitude ratio |z1|, |z2|, there exists one singular point.
Figs. 4 and 5 give the influence of the thermoelastic coupling parameter on the reflection amplitude ratio for the incidence P-wave and incidence SV-wave. Here h = 0, g 1 = 1.5, R P = 0.1. We can see from the two figures that the influence of a coupling parameter on the reflection amplitude ratio is very small. The thermal field and elastic field is uncoupled when e 1 = 0. In this case we can see there only exist two reflection waves. One is the reflection P-wave and the other is the reflection SV-wave. For the incidence P-wave, the value of |z1| increases with the increase of the coupling parameter in the first and third regions, while decreases with the increase of the coupling parameter in the second region. The value of |z2| increases with the increase of the coupling parameter. With a small angle of incidence the value of |z3| decreases with the increase of the coupling parameter while with a large angle of incidence the trend of change is adverse. For the incidence SV-wave, the influence of the coupling parameter is very small. The value of |z2| increases with the increase of the coupling parameter. The value of |z3| increases with the increase of the coupling parameter when 0°6 h 6 37.1°while the trend of change is adverse when 37.1°6 h 6 90°.
Figs. 6 and 7 give the effect of the thermal boundary condition on the reflection amplitude ratio for the incidence P-wave and SV-wave. Here e 1 = 0.0168, g 1 = 1.5, R P = 0.1, h ! 0 corresponds to the thermal insulated boundary and h ! 1 to the isothermal boundary conditions respectively. The increase of h corresponds to the increase of heat loss. For the incidence P-wave, the influence of h is very small to the value of |z1| and |z3|. The value of |z2| decreases with the increase of h for a small angle of incidence and the trend of change is the opposite for a lager angle of incidence. For the incidence SV-wave, the effect of h on |z1| is negligible. The value of |z2| increases with the increase of h. The change of h has an irregular effect on the value of |z3|.
Conclusions
We can arrive at the following conclusions according to the analysis above:
1. The reflection amplitude ratios depend on the angle of incidence; the nature of this dependence is different for different reflected waves. 2. The initial pressure has a singular effect on the reflection amplitude ratio. 3. The thermal coupling parameter has a small influence on the reflection coefficient ratios. 4. Under different thermal conditions, the reflection amplitude ratios are different.
